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(57) Abstract 

A ring-type oscillator with a plurality of delay cells (10, 12, 14, 16) including differential pairs of MOS transistors (MN5, 
MN6; MN8, MN9; MN11, MN12; MN14, MN15). Current sources (MN4, MN7, MNIO, MN13) supply current to each pair, 
and the magnitude of the current supplied is variable by a control voltage to alter the delay of the MOS devices, thereby to alter 
the frequency of oscillation. Each delay cell MOS device is connected in series with another MOS device (MP4-MP11) biased in- 
to its linear region to act as a load resistance. This load is variable by the control voltage so as to tend to maintain the gain of the 
delay cells constant with changes in frequency of oscillation. 
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SIGNAL-CONTROLLED RING-TYPE OSCILLATOR 



BACKGROUND OF THE INVENTTON 
Field o f the invention 

This invention relates to oscillators of the type 
having a number of delay cells interconnected in a closed 
ring configuration. More particularly, this invention 
relates to such oscillators wherein the delay is control- 
lable by a signal so as to vary the frequency of oscilla- 
tion. 

2 . Descrip tion of the Prior Art 

Ring oscillators have been used for many years. 
Modern designs have used MOS inverters as delay cells, and 
the delay has been controlled by setting the flow of 
current through the inverter. Commonly, each inverter 
comprises a series-connected pair of complementary MOS 
devices, with the current therethrough being produced by a 
current source controlled by an input signal. 
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One of the problems with such prior art ring 
oscillators is that the gain of the inverters varies with 
the level of current through the inverter as the oscillator 
input signal changes. This gain variability may cause the 
oscillator to stop if the gain drops too low, or may cause 
associated circuitry such as a phase lock loop to become 
unstable if the gain becomes too high. Another problem is 
that prior art oscillators of this type typically develop 
relatively large oscillatory voltage swings so that the 
oscillator frequency would be undesirably low due to the 
time required to charge up and discharge the parasitic 
capacitances associated with the MOS devices. 

SUMMARY OF THE INVENTION 

In a preferred embodiment of the invention, to be 
described hereinbelow in detail, there is provided a ring- 
type signal-controlled oscillator comprising a series of 
delay elements in the form of differential pairs of MOS 
transistors. These transistors are provided with loads 
comprising respective MOS transistors. Each differential 
pair is supplied with current from a respective current 
source controlled by the oscillator input signal, so that 
the delay of the cells is responsive to the input signal 
level. The inputs and outputs of the differential pair 
transistors are interconnected in a closed ring to produce 
oscillations at a frequency determined by the cell delay. 

The MOS transistors serving as loads for the 
inverters are also controlled by the input signal. The 
arrangement is such that as the inverter current goes up in 
response to a change in the input signal, the load 
resistance goes down in response to that same change in 
input signal. Increased inverter current causes an 
increase in g m in the MOS devices of the inverter; 
however, the overall gain tends to stay constant because 
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the load resistance goes down at the same time. That is, 
in the relationship: Gain = g m R L , the two factors in 
the right-hand side of the equation will vary inversely, 
thereby tending to maintain the gain constant. 

The embodiment to be described also is provided 
with a control circuit arranged to insure that the voltage 
swings of oscillation are relatively small, and independent 
of bias level. Such small oscillations improve the maximum 
operating frequency of the oscillator by limiting the 
amount of time spent charging and discharging the parasitic 
capacitances at the outputs of the delay cells. The differ- 
ential configuration of the delay cells provides excellent 
noise immunity, thus ensuring low jitter, and affords a 
degree of immunity from power supply variations. 

Other objects, aspects and advantages of the 
invention will be pointed out in, or apparent from, the 
following description of a preferred embodiment, considered 
together with the single drawing sheet. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGURE 1 is a schematic diagram showing the cir- 
cuit arrangement of a preferred embodiment of the inven- 
tion. 

DESCRIPTION O F THE PREFERRED EMBODIMENT 

Referring first to the central region of the 
drawing, the oscillator comprises four delay cells 10, 12, 
14 and 16 in the form of differential pairs of MOS tran- 
sistors. The output of each transistor is connected back 
to the gate of another of the oscillator transistors, as 
indicated by the identifying labels on the output and 
gates. For example, the output 4B of the left-hand 
transistor MN14 of the fourth pair 16 is connected to the 
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gate of the left-hand transistor MN5 of the first pair 10, 
and so on. This arrangement connects all of the tran- 
sistors in ring configuration, effecting closed-loop 
feedback to produce oscillations through all of the 
transistors. These oscillations are of square-wave form, 
with the transistors acting effectively as switches. 

Each pair of transistors 10 - 16 is supplied with 
current by a corresponding current source MN4 , MN7, MN10 
and MN13. The gates of these current source transistors 
are' connected together and to the gates of a pair of tran- 
sistors MN1, MN2 arranged as a current mirror 2 0 which sets 
the bias level of the sources MN4 , etc., and forms part of 
the bias circuitry generally indicated at 22. The current 
mirror 20 is connected through another current mirror 24 
(MP1, MP2) to a control circuit 2 6 which includes an MOS 
transistor MP3 . The gate of this transistor receives the 
oscillator input signal, i.e., the signal for setting the 
frequency of oscillation, which is applied as a voltage to 
an input terminal 28. This transistor (MP3) produces a 
corresponding input current. 

The gate of the transistor MP3 is connected to the 
gates of a series of like transistors MP4, etc., which are 
connected in series with the MOS devices of the differ- 
ential pairs 10-16. The transistors MP4 , etc., serve as 
voltage-controlled resistive loads for the corresponding 
MOS devices, as will be explained. 

The bias circuitry 22 includes a transistor QLP1 
comprising a parasitic lateral PNP formed from a PMOS 
device in an N-well CMOS circuit. The voltage at point "X" 
in the bias circuitry will be VDD - V BE , where V BE is 
the base-to-emitter voltage of the bipolar junction of 
QLP1. The voltage at the commonly-connected gates of MP1, 
MP2 (point »Y") will be VDD - V RF - v„. Thus the 
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voltage at point "Z" will be VDD - V BE . That is, the 
voltage at "Z" will be equal to that at "X", since V gs 
for both MPl and MP2 are equal. 

Accordingly, the current mirror 24 forces the 
source-to-drain voltage of MP3 to be maintained at the 
V BE of the junction of QLP1 (about 0.7 volts). Since 
v gs for this transistor will be relatively large (about 
2-2.5 volts), MP4 will be biased into its linear region. 
The same is true for MP4 , MP5, etc., so that those 
transistors can serve as voltage-controlled loads for the 
delay cell transistors. 

If the voltage at the input terminal 28 decreases, 
the gate-to-source voltage (V gs ) of MP3 will increase as 
will the current through that transistor. This increase is 
reflected through the double-facing current mirrors 20, 24 
to produce a corresponding increase in the current of the 
sources MN4 , MN7 , etc., supplying the differential pairs of 
inverters 10-16. This increase in inverter current 
decreases the delay of each cell and thereby increases the 
frequency of oscillation. 

As the inverter current goes up, the g m of the 
MOS devices goes up correspondingly. However, the decrease 
in input signal which produced that increase in q also 
decreases the resistance of the loads MP4 , MP5, etc., so as 
to tend to maintain the overall gain constant by virtue of 
the relationship: Gain = g m R L . The "IR" drop across 
the load is nearly constant, with the decrease in R L 
being balanced by the increase in I. Thus the gain is 
essentially unaffected by the changes in bias current 
through the inverters. 

The V BE voltage across MP3 constrains the 
voltage swings of the oscillator, and affords desirable 
headroom for the circuit. With a 5 volt supply, for 
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example, the headroom will be 5 -0.7, or about 4.3 volts. 

Use of the V BE voltage for this purpose is also 

advantageous because it is stable, readily produced, and 

effectively invariant with normal current changes. 

Accordingly, it will be seen that the invention 
makes possible a ring-type CMOS oscillator capable of sta- 
ble, high speed operation with wide dynamic range and low 
jitter. Although a preferred embodiment of the invention 
has been disclosed herein in detail, it is to be understood 
that this is for the purpose of illustrating the invention, 
and should not be construed as necessarily limiting the 
scope of the invention since it is apparent that many 
changes can be made by those skilled in the art while still 
practicing the invention claimed herein. 
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What is Claimed is : 

!• A signal-controlled oscillator comprising: 

a plurality of delay cells each having an input 
and an output; 

means connecting said delay cells in a ring 
configuration to produce oscillations at a frequency 
determined by the delay of said cells; 

said delay cells comprising means responsive to 
current flow therethrough to vary the delay inversely with 
changes in current; 

a plurality of current source means supplying 
current to said delay cells respectively and responsive to 
a first control signal for setting the level of current 
through said delay cells; 

a plurality of load means in series with said 
delay cells respectively and responsive to by a second 
control signal for setting the magnitude of load; and 

circuit means responsive to an input signal for 
developing said first and second control signals to vary 
each cell delay while correspondingly altering the load so 
as to tend to maintain the overall gain constant, 

2 * An oscillator as claimed in Claim 1, wherein said 

delay cells comprise differential pairs of MOS devices. 

3 - An oscillator as claimed in Claim 2, wherein said 
current sources comprise one MOS device for each differen- 
tial pair, 

4 - An oscillator as claimed in Claim 1, wherein said 
load means comprise MOS devices. 

5 - An oscillator as claimed in Claim 4, wherein said 
delay cells comprise differential pairs of MOS devices 
interconnected to provide that when one device is turned 
on, the other is turned off. 
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6. An oscillator as claimed in Claim 5, wherein said 

load means comprise MOS devices for each MOS device of said 
differential pairs. 

7- An oscillator as claimed in Claim 4, including 

bias means to provide operation of said MOS devices in 
their linear region. 

8. An oscillator as claimed in Claim 7 , wherein said 

bias means comprises a bipolar transistor; and 

means developing source-to-drain voltages for said 
load MOS devices corresponding to the V BE of a junction 
of said bipolar transistor. 

9 - An oscillator as claimed in Claim 1, including 

means for producing an input current corresponding to said 
input signal; 

current-mirror means responsive to said input 
current; and 

means under the control of said current -mirror 
means for setting the current of said current sources to 
correspond to said input current. 

10. An oscillator as claimed in Claim 9, wherein said 

load means comprise MOS devices; 

said means for producing an input current compris- 
ing an input MOS device; 

means for establishing a regulated source-to- 
drain voltage of low magnitude at said input MOS device; 
and 

means coupling said input MOS device to said MOS 
load devices to operate those devices in their linear 
region and to control the resistances thereof in accordance 
with said input signal. 
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11- A signal-controlled oscillator comprising: 

a plurality of delay cells each having an input 
and an output; 

said delay cells comprising differential pairs of 
MOS devices; 

means connecting said MOS devices in a ring 
configuration to produce oscillations at a frequency 
determined by the delay of said MOS devices; 

said MOS devices being responsive to current flow 
therethrough to vary the delay with changes in current; 

a plurality of current sources each supplying 
current to one of said differential pairs of MOS devices; 

said current sources being responsive to a control 
signal for setting the level of current through said MOS 
devices ; and 

circuit means responsive to an input signal for 
developing said control signal to vary the delay of each 
MOS device to set the frequency of oscillation, 

12. An oscillator as claimed in Claim 11, including 

controllable loads in series with each of said MOS devices; 

said loads being responsive to a second control 
signal developed by said input signal and operable to vary 
the load so as to tend to maintain the gain constant with 
changes in frequency of oscillation. 
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AMENDED CLAIMS 

[received by the International Bureau on 4 October 1993 (04-10.93); 
original claims 4, 7 and 12 deleted; original claims 1 and 1 amended; 
new claim 10 added; remaining claims unchanged; claims renumbered 1-10 

(4 pages)] 

1. A signal-controlled oscillator comprising: 

a plurality of delay cells each having an input 
and an output; 

means connecting said delay cells in a ring 
configuration to produce oscillations at a frequency 
determined by the delay of said cells; 

said delay cells comprising means responsive to 
current flow therethrough to vary the delay with changes in 
current ; 

a plurality of current source means supplying 
current to said delay cells respectively and responsive to 
a first control signal for setting the level of current 
through said delay cells; 

a plurality of load means comprising MOS devices 
in series with said delay cells respectively and responsive 
to a second control signal for setting the magnitude of 
load; 

bias means to provide operation of said MOS 
devices in their linear region; and 

circuit means responsive to an input signal for 
developing said first and second control signals to vary 
each cell delay while correspondingly altering the load so 
as to tend to maintain the overall gain constant. 

2. An oscillator as claimed in Claim 1, wherein said 
delay cells comprise differential pairs of MOS devices. 

3 - An oscillator as claimed in Claim 2, wherein said 

current source means comprise one MOS device for each 
differential pair. 
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4. An oscillator as claimed in Claim 1, wherein said 
delay cells comprise differential pairs of MOS devices 
interconnected to provide that when one device is turned 
on, the other is turned off. 

5. An oscillator as claimed in Claim 4, wherein said 
load means comprise MOS devices for each MOS device of said 
differential pairs. 

6. An oscillator as claimed in Claim 1, wherein said 
bias means comprises a bipolar transistor; and 

means developing source-to-drain voltages for said 
load MOS devices corresponding to the V BE of a junction 
of said bipolar transistor. 

7. An oscillator as claimed in Claim 1, including 
means for producing an input current corresponding to said 
input signal; 

current-mirror means responsive to said input 
current ; and 

means under the control of said current-mirror 
means for setting the current of said current source means 
to correspond to said input current. 

8. An oscillator as claimed in Claim 7, wherein said 
load means comprise MOS devices; 

said means for producing an input current 
comprising an input MOS device; 

means for establishing a regulated source-to-drain 
voltage of low magnitude at said input MOS device; and 

means coupling said input MOS device to said MOS 
load devices to operate those devices in their linear 
region and to control the resistances thereof in accordance 
with said input signal. 
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9. A signal-controlled oscillator comprising: 

a plurality of delay cells each having an input 
and an output; 

said delay cells comprising differential pairs of 
MOS devices; 

means connecting said MOS devices in a ring 
configuration to produce oscillations at a frequency 
determined by the delay of said MOS devices; 

said MOS devices being responsive to current flow 
therethrough to vary the delay with changes in current; 

a plurality of current sources each supplying 
current to one of said differential pairs of MOS devices; 

said current sources being responsive to a control 
signal for setting the level of current through said MOS 
devices; 

circuit means responsive to an input signal for 
developing said control signal to vary the delay of each 
MOS device to set the frequency of oscillation; and 

controllable loads in series with each of said MOS 

devices; 

said loads being responsive to a second control 
signal developed by said input signal to provide that the 
gain of each delay cell is maintained effectively constant 
with changes in frequency of oscillation as determined by 
said input signal. 

10, A signal-controlled oscillator comprising: 

a plurality of delay cells each having an input 
and an output; 

means connecting said delay cells in a ring 
configuration to produce oscillations at a frequency 
determined by the delay of said cells; 

said delay cells comprising means responsive to 
current flow therethrough to vary the delay inversely with 
changes in current; 
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a plurality of current source means supplying 
current to said delay cells respectively and responsive to 
a first control signal for setting the level of current 
through said delay cells; 

a plurality of load means in series with said 
delay cells respectively and responsive to a second control 
signal for setting the magnitude of load; 

said load means comprising MOS devices; 

said MOS devices having common current-carrying 
electrodes connected to a supply line; 

the gates of said MOS devices being connected 
together; and 

circuit means for developing a bias voltage 
between said supply line and said connected gates; 

said circuit means comprising a parasitic bipolar 
diode element formable in the MOS process used for said MOS 
devices and arranged to limit said bias voltage to a diode 
voltage drop. 
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